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Public Summary: 

In this publication, Barske et al show how stem cells are regulated in the developing face. In particular, they should how a type of cell-

cell communication system, termed Jagged-Notch, maintains stem cells for longer in the upper face, thus giving it a distinctive shape

from the lower face.

Scientific Abstract: 

The intricate shaping of the facial skeleton is essential for function of the vertebrate jaw and middle ear. While much has been learned

about the signaling pathways and transcription factors that control facial patterning, the downstream cellular mechanisms dictating

skeletal shapes have remained unclear. Here we present genetic evidence in zebrafish that three major signaling pathways - Jagged-

Notch, Endothelin1 (Edn1), and Bmp - regulate the pattern of facial cartilage and bone formation by controlling the timing of cartilage

differentiation along the dorsoventral axis of the pharyngeal arches. A genomic analysis of purified facial skeletal precursors in mutant

and overexpression embryos revealed a core set of differentiation genes that were commonly repressed by Jagged-Notch and induced

by Edn1. Further analysis of the pre-cartilage condensation gene barx1, as well as in vivo imaging of cartilage differentiation, revealed

that cartilage forms first in regions of high Edn1 and low Jagged-Notch activity. Consistent with a role of Jagged-Notch signaling in

restricting cartilage differentiation, loss of Notch pathway components resulted in expanded barx1 expression in the dorsal arches, with

mutation of barx1 rescuing some aspects of dorsal skeletal patterning in jag1b mutants. We also identified prrx1a and prrx1b as

negative Edn1 and positive Bmp targets that function in parallel to Jagged-Notch signaling to restrict the formation of dorsal barx1+

pre-cartilage condensations. Simultaneous loss of jag1b and prrx1a/b better rescued lower facial defects of edn1 mutants than loss of

either pathway alone, showing that combined overactivation of Jagged-Notch and Bmp/Prrx1 pathways contribute to the absence of

cartilage differentiation in the edn1 mutant lower face. These findings support a model in which Notch-mediated restriction of cartilage

differentiation, particularly in the second pharyngeal arch, helps to establish a distinct skeletal pattern in the upper face.
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